Abstract. Paxillin (PXN) encodes a 68-kDa focal adhesionassociated protein and plays an important role in signal transduction, regulation of cell morphology, migration, proliferation and apoptosis. The aim of the present study was to evaluate the relationship between PXN and clinicopathological factors in colorectal cancer, the role of PXN in cetuximab resistance, and whether knockdown of PXN expression could improve the sensitivity to cetuximab in colorectal cancer cells. In the present study, immunohistochemical staining in 148 colorectal carcinoma and 126 normal adjacent tissues was performed, which showed that the positive rate of PXN was significantly higher in the colorectal adenocarcinoma samples than that in the normal colorectal mucosa samples (P<0.001). Moreover, PXN presence was also positively correlated with TNM stage (P=0.023), distant metastasis (P=0.014), recurrence (P=0.032) and reduced survival (P=0.004). In vitro, PXN expression was positively correlated with the proliferation rate in colorectal cells insensitive to cetuximab. Inhibition of PXN expression by PXN-siRNA clearly increased apoptosis by downregulating the phosphorylation of extracellular signal regulated kinase (p-Erk) level, and overexpression of PXN by PXN-cDNA decreased apoptosis by upregulating the p-Erk level. This suggests that overexpression of PXN could be one of the reasons for cetuximab resistance, and downregulation of PXN plays an important role in improving sensitivity to cetuximab by suppressing the activitation of p-Erk in colorectal cancer cells. Above all, knockdown of PXN could represent a rational therapeutic strategy for increasing the sensitivity or overcoming cetuximab-resistance in patients with colorectal cancer.
Introduction
Colorectal cancer is one of the most frequently diagnosed malignant diseases and one of the leading causes of cancer-related death worldwide (1) . In China, the incidence of colorectal cancer increases by ~4.2%/year, and there is a higher incidence among younger adults (2) . Moreover, metastatic cancer occurs in 40-50% of newly diagnosed patients, which is associated with high morbidity (3) . Recent therapeutic strategies for metastatic colorectal cancer (mCRC) have focused on developing molecular-targeted therapies.
It has been reported that increased epidermal growth factor receptor (EGFR) expression is the hallmark of many human tumors and an important therapeutic target in mCRC (4) . Cetuximab, the first chimeric monoclonal antibody which has been generated against the EGFR, is the first-line treatment used as a single agent or in combination with standard chemotherapy for KRAS wild-type mCRC patients (5) . The mechanism of cetuximab (C225, Erbitux) involves the specific binding of the extracellular domain of EGFR, subsequently blocking the downstream signaling of EGFR that influences cell proliferation, survival, apoptosis, migration and tumorigenesis. Numerous clinical studies have shown that cetuximab significantly improves the progression-free and overall survival of patients with KRAS wild-type mCRC, while patients with mutant KRAS do not benefit from cetuximab treatment (6, 7) . The main reason for this phenomenon is that downstream signaling of KRAS in the MAPK pathway is not controlled by EGFR. Moreover, KRAS gene mutations, BRAF, NRAS and PIK3CA gene mutations can also cause resistance to cetuximab in mCRC patients (6, 8) . However, the resistance to cetuximab still exits in patients with the wild-type genes mentioned above, which indicates that there are some other resistance mechanisms to be explored (9) .
Several studies have shown that phosphorylation levels of paxillin (PXN) are related to those of cytokine receptors; the blocking of cell growth factor receptors leads to a compensatory increase in PXN phosphorylation levels, and that PXN plays an important role in mediating signal transduction of the epidermal growth factor (EGF) (2, (10) (11) (12) . Therefore, high expression of PXN and increased phosphorylation levels may be one of the reasons for the poor therapeutic effect of cetuximab. Meanwhile, it is necessary and meaningful to explore the specific mechanism of resistance to cetuximab in mCRC.
PXN, a 68-kDa focal adhesion-associated protein, contains a number of motifs that mediate protein-protein interactions, including C-terminal LIM domains resembling a double zinc-finger domain, N-terminal LD motifs, SH3 and SH2 domain-binding sites, whose motifs serve as docking sites for cytoskeletal proteins, tyrosine and serine/threonine kinases, GTPase-activating proteins and other adaptor proteins (13, 14) . PXN plays an important role in signal transduction, regulation of cell morphology, migration, proliferation and apoptosis (2, 13, 14) . A number of studies have demonstrated that high expression of PXN also occurs in cancer cells of many other organs, such as the esophagus, prostate, and lung (2) . upregulation of PXN phosphorylation levels promotes tumor cell growth, invasion, migration, recurrence and inhibits cell apoptosis, which results in the poor prognosis of patients. However, expression of PXN does not serve as an independent risk factor for prognosis (15, 16) . Various studies have mentioned that PXN mediates the EGF signal transduction process. Sen et al discovered that after knockdown of the PXN gene in prostate cancer cells, the phosphorylation level of extracellular regulated-protein kinase (Erk) significantly decreased in the downstream of mitogen-activated protein kinase (MAPK) pathway, which proves that activation of the Erk signaling pathway requires PXN involvement and PXN is necessary for the proliferation of prostate cancer cells (11) . In a study of non-small cell lung cancer (NSCLC), Wu et al found that activation of Erk requires mediation of PXN and further confirms that expression of the B-cell leukemia/lymphoma-2 (Bcl-2) gene is regulated by PXN through activation of Erk, while high expression of the Bcl-2 gene inhibits cancer cell apoptosis, causing resistance to chemotherapeutic drugs in lung cancer patients (17) . Despite these previous studies, whether PXN overexpression is one of the reasons for resistance to cetuximab and how PXN affects the MAPK pathway in colorectal cancer cells remain unknown.
In the present study, immunohistochemical staining (IHC) in 148 colorectal carcinoma and 126 normal adjacent tissues was performed to clarify the relationship between TNM stage, recurrence rate, metastasis, survival and PXN expression. Two human colon cancer cell lines were chosen to discover the role of PXN activation in cetuximab resistance: SW480 cells with high expression of PXN and insensitive to cetuximab, and Caco-2 cells with the opposite characteristics. It was demonstrated that inhibition of PXN expression by PXN-siRNA restored sensitivity to cetuximab in the SW480 cells, and upregulation of PXN expression by PXN-cDNA (PXN Human cDNA ORF Clone) reduced the sensitivity to cetuximab in the Caco-2 cells. Notably, the expression of p-Erk and PXN expression were consistent. We treated these cells with a selective Erk inhibitor, which restored cetuximab sensitivity in the SW480 cells and made Caco-2 cells more sensitive to cetuximab. These results suggest that inhibition of PXN expression can improve sensitivity to cetuximab by downregulation of p-Erk levels.
Materials and methods

Drugs.
Cetuximab, an anti-EGFR human-mouse chimeric monoclonal antibody (mAb), was purchased from Merck Serono (Darmstadt, Germany). SCH-772984, a selective inhibitor of extracellular signal regulated kinase (Erk1/2) that displays behaviors of both type I and II kinase inhibitors, was purchased from Selleckchem. SCH-772984 was dissolved in dimethylsulfoxide (DMSO) and maintained as a concentrated stock at -20˚C. Working concentrations were diluted in culture medium just before each experiment. Proliferation assay. Cancer cells were seeded into 96-well plates and treated with different concentrations of SCH-772984 (range, 5-90 mg/ml), cetuximab (range 5-700 mg/ml) alone for 48 h or with cetuximab (100 mg/ml) for a period of time (6 h-10 days). Cell proliferation was measured with MTT assay. The IC 50 value and proliferation rate were calculated according to optical density from a microplate reader. Each test was performed in quadruplicate.
Apoptosis assay. SW480 and Caco-2 cells were seeded in 25 cm 2 flasks, treated for 72 h and stained with Annexin V-fluorescein isothiocyanate (FITC) and 7-aminoactinomycin D (7-AAD) in the dark. Viable (7-AAD-negative) and dead (7-AAD-positive) cell populations were quantitated by flow cytometry using a flow cytometer (BD Influx).
RNA interference. The small inhibitor duplex RNAs (siRNAs) (On-target paxillin) PXN-siRNAs (human: SR303929) were purchased from OriGene. OriGene synthesized three siRNA duplexes targeting human paxillin mRNA (PXN-siRNA). The targeting sequences were siRNA1, uGACGAAAGAGAAG CCuAAGCGGAA; siRNA2, uGAACGCuGuACAGCAu AACCCGCC; and siRNA3, GACAAuGCCAGCAuAAAuC CAuCCA. In the present study, siRNA1 was used since it effectively inhibited PXN expression in our preliminary experiments. The siCONTROL non-targeting siRNA (human, SR30004) was used as a negative control (NC). Cells were transfected with 40 nmol/l siRNAs using Lipofectamine 2000 reagent (Invitrogen) according to the manufacturer's instructions. The day before the transfection, the cells were plated in 25 cm 2 flasks at 50-70% confluency in medium supplemented with 5% FBS. Cells were harvested 72 h after the transfection. Efficiency of gene silencing was detected by western blotting.
PXN-cDNA transient transfection and co-transfection of
PXN-cDNA and PXN-siRNA. The human PXN-cDNA was purchased from OriGene (RC213811). It was cloned into vector Pcmv6-Entry (cat. #PS1000-001) and was verified by full sequencing (NM_002859). This human PXN cDNA was derived from single colony E. coli cultures and purified through the OriGene ion-exchange plasmid purification system (PowerPrep. HP Midiprep kits with Prefilters NP 100024). The non-targeting plasmid was used as a negative control. The cells were transfected with 1.5 mg/ml cDNAs using Lipofectamine 2000 reagent following the manufacturer's protocols. The day before the transfection, the cells were plated in 25 cm 2 flasks at 50-70% confluency in medium supplemented with 10% FBS. They were harvested 72 h after the transfection. Efficiency of gene silencing was detected by western blotting. When transfecting PXN-cDNA and PXN-siRNA at the same time, Lipofectamine 2000 reagent and 30 pmol of siRNA/1 mg of DNA was used.
Western blotting. SW480, SW620, HT29, Rko, Caco-2 and Lovo cells were seeded into 25 cm 2 flasks and treated for 72 h. Total proteins were obtained by a protein extraction kit (KeyGen Biotech, Nanjing, China), including phosphorylated proteins. The protein concentration was estimated by a modified Bradford assay (KeyGen Biotech). Immunoreactive bands were visualized by enhanced chemiluminescence (ECL; GE Healthcare/Amersham). Antibodies against p-Erk, cleaved caspase-3 and GAPDH (HRP-conjugated) were purchased from Cell Signaling Technology. Antibodies against PXN (Tyr-118) were purchased from Abcam (Hong Kong, China). Secondary antibodies coupled to horseradish peroxidase were purchased from Signalway Antibody (uSA). The antibodies were diluted according to the instructions before the experiment. Each experiment was carried out for several times.
IHC. The immunohistochemical staining was performed on paraffin sections (4-µm) using a streptavidin-peroxidase immunostaining kit. After deparaffinization with xylene and rehydration through a graded ethanol series, the sections were subjected to microwave antigen retrieval with an ethylenediaminetetraacetic acid (EDTA) buffer solution (1 mmol/l, pH 8.0) at 98˚C for 10 min to unmask antigenic epitopes. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 15 min at room temperature. After blocking non-specific binding sites with a blocking serum for 30 min at room temperature, the sections were incubated with a mouse monoclonal anti-PXN antibody (1:100; Abcam) at 4˚C overnight. Visualization of the antibody-enzyme complex was achieved with 3,3-diaminobenzidine tetrahydrochloride (DAB). The sections were counterstained with Mayer's hematoxylin. Appropriate positive controls were included, and as a negative control, normal serum and PBS were substituted for the primary antibody.
Immunohistochemical analysis. To quantify PXN protein expression, both the extent and intensity of immunoreactivity were assessed and scored. In the present study, the scores of the extent of immunoreactivity ranged from 0 to 3 and were determined according to the percentage of cells that exhibited positive staining in each microscopic field of view (0, <25%; 1, 25-50%; 2, >50-75%; and 3, >75-100%). The scores of IHC intensity were as follows: 0, negative staining; 1, weak staining; 2, moderate staining; and 3, strong staining. By multiplying the scores for extent and intensity, a total score ranging from 0 to 9 was achieved. The expression level of PXN was considered high when the total score was ≥4 and low when the total score was <4. The results were assessed by two independent observers who did not have any knowledge of the clinicopathological features of the patients. If the results differed, then they consulted and reached a final consensus.
Statistical analysis. The statistical analyses of data were carried out using SPSS 17.0 statistical software (SPSS, Inc., uSA). The relationship between PXN expression and clinicopathological characteristics was analyzed by the χ 2 test. All P-values represent two-sided tests of statistical significance with P-value <0.05.
Results
The expression of PXN is higher in tumor tissues than that in normal mucosa. The expression of PXN was examined in 148 colorectal adenocarcinoma samples and 126 normal adjacent mucosa samples through an immunohistochemical staining approach. A total of 101 of the 148 (68.2%) colorectal adonocarcinoma samples and 56 of the 126 (44.4%) normal tissues were PXN-positive (P<0.001) ( Table I) . PXN protein was mainly expressed in the cytoplasm and was found to be Table I . Patient clinicopathological factors and paxillin expression in normal and colorectal cancer tissues. overexpressed in the tumors compared with the normal adjacent tissues (Fig. 1A) . This result was further confirmed in 60 colorectal carcinoma samples with paired normal adjacent tissues by western blotting. In 43 of 60 (71.7%) cases, PXN expression levels in the tumor tissues (T) were at least 2-fold higher than levels in the normal adjacent mucosa (N) (Fig. 1B) .
PXN expression is negatively correlated with the survival of the patients. Follow-up results in a total of 148 patients were analyzed. The median duration of follow-up was 48.6 months (range 1-75 months), and a total of 63 patients died during the follow-up period. univariate analyses revealed that the 3-and 5-year survival rates of the PXN-negative group were higher (71.8 and 65.3%) than those of the positive group (52.5 and 35.4%, log-rank testing, P=0.004, Fig. 1C ). The survival rate was correlated with the expression of PXN. (Fig. 2) . Therefore, we chose SW480 and Caco-2 cells to perform subsequent experiments.
PXN is expressed differently in
PXN expression in the tumors is related with clinicopathological parameters. The positive rate of PXN was higher in the colorectal adenocarcinoma samples than that in the normal colorectal mucosa samples (68.2 vs. 44.4%, P<0.001, Table I ). The rate of recurrence in the colorectal patients was higher in the PXN-positive group (27.7%) than that in the PXN-negative group (12.8%, P=0.032; Table I ). PXN positivity was closely related to TNM stage (86.4, 74.6, 61.5 and 50.0%, P=0.023, Table I ) and distant metastasis (88 vs. 64.2%, P=0.014; Table I ).
High expression level of PXN confers resistance to cetuximab in SW480 cells. SW480 and Caco-2 cells were treated with increasing concentrations of cetuximab (5-700 mg/ml). The percentage of proliferation in the SW480 cells slightly increased at first and then slightly decreased (Fig. 3A) . This showed that the SW480 cells were not sensitive to cetuximab. Compared with the SW480 cells, the Caco-2 cells were relatively sensitive to cetuximab, and the IC 50 value was ~189.3 mg/ml (Fig. 3A) .
To explore how PXN and p-Erk change with the treatment of cetuximab in SW480 and Caco-2 cells, the cells were treated for a period of time (from 6 h to 10 days) at a concentration of 100 mg/ml (Fig. 3B) . As shown in Fig. 3C , the expression of PXN declined at first, and then increased gradually and stabilized in the SW480 cells, which was very consistent with the proliferation rate in Fig. 3B , the lowest point of which was at ~24 h. In contrast to the SW480 cells, PXN expression in the Caco-2 cells did not significantly change. These data demonstrated that the high expression level of PXN may be one of the reasons for the insensitivity to cetuximab of SW480 cells, which warrants further experiments for confirmation. Moreover, the expression changes in p-Erk in both the SW480 and Caco-2 cells (Fig. 3C) were consistent with the proliferation rates in Fig. 3B .
To clarify the effect of an Erk1/2 inhibitor on SW480 and Caco-2 cells, the cells were treated with increasing concentrations of SCH-772984 (5-90 mg/ml) for 48 h. SCH-772984 treatment of the SW480 and Caco-2 cells induced a dose-dependent inhibition of cell growth with an IC 50 value of ~47.5 and 56.4 mg/ml, respectively (Fig. 3D) , which demonstrated that both SW480 and Caco-2 cells were sensitive to SCH-772984.
Inhibition of PXN expression by PXN-siRNA restores sensitivity to cetuximab in the SW480 cells.
To determine whether PXN activation could be one of the reasons for cetuximab resistance in SW480 cells, a further investigation was carried out to ascertain whether reduction in PXN expression restores cetuximab sensitivity. First of all, we compared the effect of transfection between siRNA1 and siRNA2. As shown in Fig. 4A , transfection with siRNA1 for 72 h significantly reduced PXN protein expression in the SW480 cells, and thus, siRNA1 (PXN-siRNA) was chosen to carry out the following transfection study.
Although single-agent cetuximab did not significantly affect SW480 apoptosis, cetuximab treatment in combination with PXN silencing showed a statistically significant apoptotic effect on SW480 cells (Fig. 4B) . The expression of apoptotic protein cleaved caspase-3 was consistent with the apoptotic rate as shown in Fig. 4B . PXN silencing also inhibited p-Erk activation in the SW480 cells as shown by downregulation of p-Erk levels (Fig. 4B) , which may be the mechanism through which SW480 cells regained sensitivity to cetuximab. 
Activation of PXN by PXN-cDNA (PXN Human cDNA ORF Clone) transfection reduces the sensitivity to cetuximab in the Caco-2 cells.
To further evaluate whether PXN activation confers resistance to cetuximab in colorectal cancer cells, the Caco-2 cell line, confirmed to have low expression of PXN, was used. After transfection with PXN-cDNA for 72 h, PXN protein expression was significantly increased in the Caco-2 cells (Fig. 4A) . As illustrated in Fig. 4C , the overexpression of PXN effectively suppressed apoptosis in the Caco-2 cells with or without cetuximab treatment. Corresponding to the apoptotic data, the expression of apoptotic protein cleaved caspase-3 was downregulated with the decrease in the apoptotic rate (Fig. 4C) . PXN overexpression also promoted the activation of p-Erk in the Caco-2 cells as shown by upregulation of p-Erk levels (Fig. 4C) . These data further demonstrated that PXN confers resistance to cetuximab and knockdown of PXN improves sensitivity to cetuximab in colorectal cancers by downregulating the expression of p-Erk.
PXN overexpression regulates resistance to cetuximab in a p-Erk-dependent pattern in the SW480 and Caco-2 cells.
To further evaluate the role of PXN activation in cetuximab resistance, co-transfection with PXN-siRNA and PXN-cDNA in SW480 and Caco-2 cells was performed. Compared with transfection with PXN-siRNA alone, the apoptotic rate was greatly reduced after co-transfection with PXN-siRNA and PXN-cDNA for 72 h in the SW480 cells (Fig. 5A) . The expression of apoptotic protein cleaved caspase-3 increased corresponding to the apoptotic rate (Fig. 5A) . Moreover, the expression of PXN increased as expected after co-transfection, compared with transfection with PXN-siRNA alone and activation of PXN also upregulated p-Erk levels (Fig. 5A) . Similarly, after co-transfection with PXN-siRNA and PXN-cDNA for 72 h in the Caco-2 cells, the apoptotic rate was greatly reduced, compared with transfection with PXN-cDNA alone (Fig. 5B) . Not surprisingly, the expression of apoptotic protein cleaved caspase-3 increased, and activation of PXN and p-Erk was inhibited as shown by downregulation of p-Erk levels (Fig. 5B) .
From the experiments above, we found that the expression levels of protein PXN and p-Erk were very synchronous. To explore the relationship between PXN and p-Erk and further evaluate the role of PXN activation, SW480 and Caco-2 cells were treated with cetuximab and SCH-772984, a selective Erk1/2 inhibitor. SCH-772984 treatment of SW480 and Caco-2 cells induced a dose-dependent inhibition of cell growth with an IC 50 value of ~47.5 and 56.4 mg/ml, respectively (Fig. 3D) . Although cetuximab treatment had little effect on cell growth in the SW480 cells, the combined treatment with SCH-772984 restored the sensitivity of SW480 cells to cetuximab (Fig. 5A) . Moreover, as illustrated in Fig. 5A , the percentage of apoptotic cells also obviously increased, compared with the group treated with cetuximab or SCH-772984 alone. Meanwhile, the expression levels of PXN and p-Erk were suppressed significantly in both cell lines (Fig. 5A and B) . Based on the outcomes above, another test was performed to make the entire experiment more rigorous. After transfection with PXN-cDNA in the SW480 and Caco-2 cells for 24 h, the cells were treated with cetuximab and SCH-772984 for another 48 h. The results in Fig. 5A and B showed that the percentage of apoptotic cells decreased significantly, compared with the group that was treated only with cetuximab or SCH-772984. Correspondingly, the downregulation of cleaved caspase-3 and upregulation of both PXN and p-Erk expression levels are illustrated in Fig. 5A and B. In summary, knockdown of PXN restored or improved sensitivity to cetuximab by downregulating the expression level of p-Erk.
Discussion
Clarifying the mechanisms of colorectal cancer cell resistance to cetuximab is critical for the development of effective targeted therapies. In the past few years, extensive effort has been made to elucidate the mechanisms of cetuximab resistance. At present, it is generally acknowledged that specific gene mutations are responsible for resistance to anti-EGFR therapies in patients with colorectal cancer, including the KRAS, BRAF, NRAS, PI3KCA (exon 20) genes or inactivation of the PTEN phosphatase (3, 8, 18) . However, ~25% of colorectal cancer patients with wild-type KRAS, BRAF, NRAS, PI3KCA and PTEN genes do not respond to EGFR inhibitors (3), which suggests there exists some other mechanism of resistance.
By analyzing the clinical data, it was demonstrated that the positive rate of paxillin (PXN) was much higher in the adenocarcinoma samples than in the normal mucosa samples (68.2 vs. 44.4%, P<0.001). The rate of recurrence in the colorectal cancer patients was higher in the PXN-positive group than this rate in the PXN-negative group (27.7 vs. 12.8%, P=0.032). PXN presence was closely related with TNM stage (86.4, 74.6, 61.5 and 50.0%, P=0.023) and distant metastasis (88 vs. 64.2%, P=0.014). univariate analyses revealed that the 3-and 5-year survival rates of the PXN-negative group were higher (71.8 and 65.3%) than those of the positive group (52.5 and 35.4%, log-rank testing, P=0.004). Above all, PXN could be a risk factor for distant metastasis, recurrence and reduced survival time. However, PXN was not found to be an independent predictor due to the small number of samples and follow-up time was not long enough. Several studies have shown that PXN plays an important role in regulating tumor cell proliferation and mediating signal transduction of epidermal growth factor (EGF) (2, (10) (11) (12) . Various scholars have also demonstrated that PXN leads to resistance to drugs by inhibiting the apoptosis of cancer cells in non-small cell lung cancer (17) . In the present study, following treatment of cetuximab in SW480 and Caco-2 cells for a period of time, the expression of PXN in SW480 cells declined at first, and then gradually increased and finally stabilized, which was consistent with the proliferation rate. Different from SW480 cells, PXN expression in Caco-2 cells decreased gradually and the downward trend also corresponded to the proliferation curve. These data demonstrated that a high expression level of PXN may be one of the reasons for the insensitivity to cetuximab of SW480 cells in addition to the fact that the KRAS gene in these cells is mutant. It was hypothesized that high expression of PXN could be one reason for cetuximab resistance in metastatic colorectal cancer (mCRC) patients.
The SW480 cell line was chosen to conduct the first part of the experiment. It was reported that the expression of PXN in SW480 cells is very high and its KRAS gene is in a mutational status (2, 4) . In the present study, we confirmed the high expression of PXN and that SW480 cells were not sensitive to cetuximab. The main reason for the resistance to cetuximab may be that the signaling pathway in the downstream of KRAS was not blocked although EGFR was inhibited by cetuximab treatment (19, 20) . The high expression of PXN may also be one of the reasons. Our results showed that knockdown of PXN by PXN-siRNA transfection restored the sensitivity to cetuximab in the SW480 cells. As for the mechanisms, it is assumed that PXN plays a role in regulating the signaling pathway in the downstream of KRAS. As described in the Introduction, activation of the ERK signaling pathway requires the participation and mediation of PXN in prostate cancer and non-small cell lung cancer (10, 17 (11) . Several studies have demonstrated that Erk always gives a positive feedback on PXN and plays an important part in the activitation of PXN and interaction between FAK and PXN (11, 22, 23) . Based on these facts, we decided to examine the expression of p-Erk during this experiment. Following different treatments, the expression levels of p-Erk and PXN were always consistent. Moreover, the cells were treated with a selective Erk inhibitor, which resulted in downregulation of PXN and p-Erk, upregulation of apoptotic protein cleaved caspase-3 and an increase in the apoptotic rate. These results suggest that low expression of p-Erk could significantly increase the percentage of apoptotic cells and PXN may play a relevant role in regulating the expression of p-Erk. To further evaluate the role of PXN, upregulation of PXN expression was carried out in the Caco-2 cell line since the expression of PXN in Caco-2 cells is low and its KRAS gene is wild-type (4). Thus, PXN-cDNA transfection was more effective. upregulation of PXN by PXN-cDNA decreased the percentage of apoptotic cells and increased the expression levels of p-Erk and paxilllin in the Caco-2 cells. Treatment of Erk inhibitor was also carried out in Caco-2 cells, the results of which were similar with that in the SW480 cells.
The results of the present study suggest that PXN plays a relevant role in cetuximab resistance, and inhibition of PXN expression restores the sensitivity to cetuximab in colorectal cancer cells by downregulating p-Erk levels. In order to find more evidence to support the conclusion above, the co-transfection of PXN-cDNA and PXN-siRNA was performed in SW480 and Caco-2 cells. Compared with transfection with PXN-siRNA or PXN-cDNA alone, the same results were obtained following co-transfection in both the SW480 and Caco-2 cells, showing that overexpression of PXN could be one of the reasons for cetuximab resistance and downregulation of PXN plays an important role in improving the sensitivity to cetuximab by suppressing the activation of p-Erk in SW480 and Caco-2 cells. Moreover, the MAPK pathway was completely blocked when activation of p-Erk was inhibited. Knockdown of PXN in combination with cetuximab blocked the EGF pathway more completely, particularly when the genes located upstream of Erk were mutant. Besides the overexpression of PXN, there must exist other reasons for cetuximab resistance. In the past few years, researchers have focused on the relationship among apoptosis, drug resistance and autophagy in cancer cells. Various studies have demonstrated that increased induction of autophagy can become a mechanism of allowing tumor cells to survive the conditions of hypoxia, acidosis or chemotherapy, which results in a decrease in apoptosis and drug resistance (24, 25) . There are also other studies indicating out that autophagy inhibitors in combination with chemotherapeutic agents may provide a premise for the treatment of colorectal cancer (26) (27) (28) . Taken together, these results suggest that overexpression of PXN could be one of the reasons for cetuximab resistance, and knockdown of PXN plays an important role in improving sensitivity to cetuximab in colorectal cancer cells. Downregulation of the p-Erk level that results from the decreased expression of PXN blocks the EGF/MAPK pathway more completely. Therefore, knockdown of PXN represents a rational therapeutic strategy for increasing the sensitivity or overcoming cetuximab resistance in patients with colorectal cancer.
